This paper discussed the local control of interpolating function by using rational quartic spline (quartic/linear) with one parameter 0 i α > . The rational spline has 1 C continuity and it is unique for each . i α The bounded property of the rational quartic spline is discussed in details. Later, the rational quartic spline will used for value point control to generate the interpolating curves. We gives the condition on the possible choices of ( ) P t N = might be. By having the range for N there is no need to solve the equation to find the positive value of parameter. Comparisons with the existing scheme also have been done. From all numerical results, the local control interpolation by using rational quartic spline interpolant (quartic/linear) gives satisfactory results.
INTRODUCTION
The construction of parametric curves and surfaces are important in computer aided geometric design (CAGD) and computer graphics (CG). Usually spline functions are use such as cubic spline or quintic spline polynomial. Cubic Bézier curves are a special case of cubic uniform B-spline curves. Cubic spline can interpolate all the given data sets with 2 C continuity. But the main constraints are that the user cannot change the shape of the interpolating curves without the need to changes the data points. Meaning that, to change the shape of the curves, the interpolating data must be changed. In shape preserving interpolation, the cubic spline is unable to retain the geometric properties of the data sets such as convexity, monotonicity and positivity. Butt and Brodlie [1] have used cubic spline for positivity preserving by inserting the extra knots in which the positivity is violated. Karim [2] has proposed the new spline based from cubic Ball function with 1 GC continuity. Thus to overcome the weakness of cubic splines, many researcher have proposed rational spline. For examples Wang and Tan [3] have proposed new rational quartic spline with two parameters for monotonicity preserving interpolation. Karim and Kong [4] and Karim et al. [5] have used rational quartic spline by [3] for the monotonicity and positivity preserving with 1 GC continuity. Deng et al. [6] have discussed the rational biquartic spline for surfaces interpolating. Wang et al. [7] study the weighted rational quartic spline of Wang and Tan [3] and Deng et al. [6] . They discussed the monotonicity preserving together with constrained data interpolation. Even though they proposed the weighted rational quartic spline to preserves the monotonicity of the data, the first derivative still need to be modified in the region in which the sufficient conditions for monotonicity is not met.
In computer graphics and scientific data visualization, it is important task that the interpolating function can be changes locally i.e. on small interval. One possible option is to use shape preserving interpolation. References [13] until [17] gives more details on shape preserving. Meanwhile Bao et al. [9, 10] have discussed the local control of interpolating function by using rational cubic spline interpolation with two parameters. Duan et al. [11] discussed the local control of interpolating function by using rational cubic spline with quadratic denominator. Pan et al. [12] have extended the rational cubic spline of Bao et al. [9] with one parameter. Motivated by the works of [9] , [10] and [11] , this paper discusses the use of rational quartic spline of Wang and Tan [3] for local control of interpolating function. The original rational quartic splines have two parameters, but due to the fact that the symmetric of the rational interpolant, the rational quartic spline can be used with only one free parameter. The rational quartic spline with one parameter can be used for point value local control. The bounded property of the rational interpolant and point value control of interpolating function also have been discussed in details. From the numerical results, the rational quartic spline works well and the results are comparable and slightly better than the existing local control scheme namely Pan et al. [12] . The main scientific contribution these papers are summarized as follows:
(i) In this paper the rational quartic spline (quartic/linear) is use for point control interpolation while Bao et al. [9] , Duan et al. [11] and Pan et al. [12] have utilized rational cubic spline of the form cubic/quadratic.
Point control of curves

2069
(ii) The range of possible value of N such as ( ) ,
is given at the end of the paper. This range will assist the designer on what value of N might be. In Duan et al. [11] , Pan et al. [12] and Bao et al. [9, 10] , the authors didn't mention the range of N might be. (iii) Numerical comparison between the rational quartic (quartic/linear) with one shape parameter , i α and the work of Pan et al. [12] methods also has been done. (iv) An algorithm for computer implementation is given while there are no algorithms for computer implementation in Bao et al. [9, 10] , Duan et al. [11] and Pan et al. [12] . The algorithm is helpful to the user.
The remainder of the paper is organized as follows. Section 2 introduces the rational quartic spline (quartic/linear) with one parameter. Section 3 discusses the bounded property of the rational interpolant and Section 4 discusses the point value control of interpolation by using rational quartic spline with several numerical results. A summary and conclusions are given in Section 5.
RATIONAL QUARTIC SPLINE INTERPOLANT
In this section, the proposed rational quartic spline interpolant (quartic/linear) will be discussed in details. In the original work by Wang and Tan [3] [3] have used this rational quartic spline for monotonicity preserving with 2 C continuity. Karim and Kong [4] and Karim et al. [5] have proposed rational quartic spline based from the work of Wang and Tan [3] for monotonicity and positivity preserving with 1 GC continuity. Shape control analysis for the rational interpolant defined by Equation (1) can be obtained in Karim [17] .
The Bounded Property of the Interpolation
To study the bounded property of the interpolation, without loss of generality, it is enough to consider the interpolation in a sub-interval (1) can be rewritten as follows:
where 
Point control of curves
2071
The following Theorem provide the bounded property of the interpolation function ( )
Theorem 1. Let ( ) P t be the interpolating function defined in (1), whatever the positive values of the shape parameter i α might be, the values of the interpolating function
satisfy the following bounded property:
( ) Proof. Due to the locality of the interpolation function, we only consider the function
. Now, from basic calculus and Equation (4), the following expression can be obtained:
Eq. (6) can be simplify to the following:
Now, let ( ) ( 
Thus this complete the proof.
Value control of the interpolation
It is a common fact that the shape of the interpolation curves are depends to the given interpolation data. By having parameters in the description of the rational interpolant defined in Equation (1) until they obtain the desired interpolating curves. Duan et al. [11] , Bao et al. [9, 10] and Pan et al. [12] have initiated the ideas on point value control by using rational cubic spline. Motivated by this idea, in this section the rational quartic spline (quartic/linear) from Section 2, will be used for point value control interpolating curves.
If the practical design requires the value of the interpolating function ( ) 
After some simplification Equation (8) is equivalent to the following:
where,
If the positive parameters i α that satisfy Equation (9) is exist, then Equation (8) holds.
The following theorem summarized the main results. 
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For the purpose of computer implementation, Algorithm 1 can be used to generate the point value control interpolating curves by using the main result given in Theorem 1.
Algorithm 1
1. Input the data points { } 0 , , 
Example 1.
Since the interpolation is a local and without loss of generality, it is enough to just consider the interpolation in [0,1] (Duan et al. [11] ). We test the value control by using the interpolation data from Pan et al. [12] given in Table 1 below. (10) Figure 1 shows the graph of ( ). 
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Now from Equation (1) 
The solution for (11) Figure 3 shows the graph of the rational interpolation curve ( ) satisfy Equation (9), then the interpolating function ( ) Figure 4 shows the graph of the rational interpolation curve ( ) Example 2. We use the data set from Duan et al. [11] listed in Table 2 Figure 6 shows the graph of ( ). 
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The solution for (18) Figure 8 shows the graph of the rational interpolation curve ( ) i α = Figure 10 shows all the graphs in Figure 7 , Figure 8 and Figure 9 . In what follows, we use similar idea from Karim and Kong [18] . From the sufficient condition in Equation (9), if the user have choose the value of N , then we can obtain the parameter i α by solving Equation (9) . But one may be asking the following 
Now, if we the design requires then from Equation (17), clearly there is no positive solution to Equation (11) . This idea can be used for any value of ( ) .
P t N * =
For completeness of this paper, we do the comparison between our local control rational interpolations with the work of Pan et al. [12] . We begin with the definition of rational cubic with quadratic denominator from Pan et al. [12] . 
, ,
We still use the same data listed in Table 1 and Table 2 respectively.
For data in Table 1 (21) Figure 11 shows the graph of ( ) 
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Similarly for data in Table 2 (21) Figure 12 shows the graph of ( )
10
P t , ( ) By careful inspection between Figure 5 with Figure 11 and Figure 10 with Figure 12 , it can be seen clearly that the proposed rational quartic interpolating curves control the interpolating data much better than the rational cubic interpolating curves of Pan et al. [12] . For data in Table 2 , in the interval [0,0.3] the interpolating curves using Pan et al. [12] seem to deviated due to the fact that 1 
Conclusions
The rational quartic spline (quartic/linear) with one parameter has been used for point control interpolation. The sufficient condition for the existence of positive parameter 
P t N =
Comparison with the work of Pan et al. [12] also has been made. From the results, the point-control interpolating using the rational quartic spline give better results compare to the works of Pan et al. [12] . Work on local control for biquartic interpolating surfaces by using the rational quartic spline (quartic/linear) with one parameter is underway. All the results will be reported in the near future.
